Background: Evaluation of patients with superior labral anterior and posterior (SLAP) lesions requires outcome measures validated for the purpose. The present study aimed to evaluate the responsiveness of the Rowe score, Oxford Instability Shoulder Score (OISS), Western Ontario Shoulder Instability Index (WOSI) and EuroQol (EQ-5D and EQ-VAS) in patients treated for SLAP lesions. Methods: Eighty-nine patients were included: 34 had arthroscopic labral repair, 28 had mini-open biceps tenodesis and 27 had physical treatment. The outcome measures were administrated before treatment and after 6 months. Responsiveness was evaluated using standardized response mean (SRM), area under receiver-operating characteristic curve (ROCAUC), reliable chance proportion (RCP) statistics and hypothesis testing. Minimal clinically important change (MCIC) estimates were reported. Results: All outcome measures had high values of SRM (0.86-1.92). RCPs for the improved group were 68% to 79% for OISS, WOSI and Rowe score, and 15% to 49% for EuroQol. ROCAUC was >0.70 for all outcomes. MCIC estimates were 8 and 10 for OISS; 451 and 569 for WOSI; 17 and 18 for Rowe score; 0.39 and 0.53 for EQ-5D; and 35 and 41 for EQ-VAS. Responsiveness tested with hypotheses favours the shoulder-specific outcomes. Conclusions: OISS, WOSI and Rowe score are more responsive than EuroQol in evaluation of patients with SLAP lesions.
Introduction
Isolated superior labral anterior and posterior (SLAP) lesion is a rare shoulder diagnosis compared to rotator cuff disorders. [1] [2] [3] [4] A SLAP lesion is a traumatic or degenerative detachment of the labrum from the glenoid, causing symptoms such as popping, clicking, pain and apprehension of glenohumeral instability. To our knowledge, there are no outcome measures developed specifically for the evaluation of patients with SLAP lesions. In a review by Gorantla et al. 5 none of the included studies reported the use of scoring systems validated specifically for use in patients with SLAP lesions.
The usefulness of clinical scores, shoulder-specific and generic health-related quality of life outcome measures depends on their practical applicability, reliability, Responsiveness depends on the treatment given and time to follow-up, and reflects change within a subject, between subjects and between groups. 6 A statistically significant effect does not always reflect a meaningful change for the patient, clinicians or decision makers. 17 By contrast, anchor-based methods estimate changes related to a meaningful external anchor. 17 Such methods are used to measure the construct validity. 18 The threshold for an important change is often difficult to retrieve because the statistical differences depend on sample size and measurement error. 13, [15] [16] [17] This statistical threshold is labelled minimal important change 13, 19 or minimal clinically important change (MCIC). 20 In the literature, the terms minimal clinically important 'change' and minimal clinically important 'differences' are often used interchangeably. 21 A combination of distribution-based and anchor-based methods has been recommended for determining responsiveness. 13, 16, 17, 22 A new strategy for the evaluation of responsiveness has been recommended by the COSMIN group. They claim that responsiveness is considered to be an aspect of the construct validity of an instrument, and should be tested by hypotheses focusing on change of scores. 8 The purpose of the present study was to evaluate responsiveness using distribution based and anchorbased methods, and the hypothesis method of the Rowe score, the OISS, the WOSI and the EuroQol in patients treated for SLAP lesions.
Materials and methods

Study design and setting
Patients with SLAP lesions were recruited to the present study from an outpatient clinic. The inclusion criteria were a diagnosis of SLAP lesions based on clinical findings, including a positive active compression test or crank test, or a positive apprehension test with pain relief on relocation, and positive magnetic resonance image (MRI) arthrography. MRI arthrography was the main diagnostic tool 23 considering the low diagnostic value of the clinical tests. 24 Exclusion criteria were; patients <16 years or >60 years, former surgical repair of SLAP lesions or surgical stabilization in the same shoulder, symptomatic rotator cuff tears, symptomatic osteoarthritis in the acromioclavicular joint, osteoarthritis in the glenohumeral joint, inability to fill in the questionnaires, rheumatic disease involving the shoulder, cervical or thoracic spine pain, and major psychiatric or somatic disease. From December 2006 to August 2011, 97 patients with SLAP lesions were enrolled for inclusion in the present study. Eight were excluded from further analysis because they did not complete the anchor evaluation, leaving 89 patients for further analysis. The Rowe score was completed by one experienced physiotherapist (manual therapist) at inclusion and at 6-month follow-up. At the same time, the patients completed the WOSI, OISS, EQ-5D and EQ-VAS. Between baseline and follow-up, the patients received one of the following treatments: arthroscopic labral repair with suture anchors, miniopen bicepstenodesis with suture anchors or a standardized but individual adjusted physical rehabilitation programme. A similar rehabilitation programme with some adjustments was used in the postoperative rehabilitation. The study was approved by the Ethical Committee of Health Region South-East, Norway. All patients provided their written informed consent.
Outcome measures
Norwegian versions of the WOSI, OISS, EQ-5D and EQ-VAS have been cross-cultural adapted according to the guidelines in the literature 25, 26 and were used in the recent study. 10 The WOSI is a patient-administrated shoulder questionnaire including 21 items covering the four domains; physical symptoms (10 items); sports, recreation and work (four items); lifestyle (four items); and emotions (three items). The responses for each question are given on a scale from 0 to 100, with 0 as the best possible score and 2100 as the worst. The worst possible total score 2100 indicates an extremely low health-related quality of life related to the shoulder. 27 The OISS is a patient administrated shoulder questionnaire including 12 questions with four response alternatives (1 point to 5 points). The total score ranges from 12 to 60, with 12 indicating best possible function. 28 The EuroQol (EQ-5D and EQ-VAS) is a generic patient administrated health-related quality of life instrument. EQ-5D covers five domains: mobility; self-care; usual activities; pain/discomfort; and anxiety/depression. There are three response alternatives: no problem; some problem; and extreme problem. Responses are transformed into an index, where 1.0 represents the highest level of function and À0.59 represents the worst possible state. EQ-VAS is a visual analogue scale measuring the current health state, ranging from 0 (worst imaginable health status) to 100 (best imaginable health status). [29] [30] [31] The 1988 version of the Rowe Score 32 is the fourth version of the Rowe score. The original version of the Rowe score 33 was developed for the evaluation of patients with Bankart lesions. The 1988 version consists of five domains: pain; stability; function; motion; and muscle strength. Pain and stability scores are weighted differently depending on which condition is considered to be the major problem. The best possible total score is 100, representing a normal shoulder. Total scores may be categorized into four levels: excellent (100 points to 85 points); good (84 points to 70 points); fair (69 points to 50 points); and poor ( 49 points).
Anchors for important change
In addition, the patients assessed their shoulder at 6-month follow-up as excellent, good, fair or poor in the patient evaluation of 1988 version of the Rowe score. 32 Excellent or good were merged and labelled improved, whereas fair and poor were labelled unimproved. They also scored their main change of symptoms at 6-month follow-up on an 18-point scale ranging from À9 (worst possible) to 9 (best possible). 34 
Statistical analysis
Sample size. The sample size of at least 50 subjects was chosen according to recommendations for estimation of MCIC 35 and for method comparison studies. 36 Descriptive analysis. Nonparametric Spearman rho correlations were obtained between the anchor of important improvement and change in main complaint (À9 to 9).
Responsiveness. Responsiveness was assessed using SRM; receiver-operating curve (ROC) analysis and reliable change proportion (RCP). SRM was calculated for the improved group (SRM improved ) and the unimproved group (SRM unimproved ), dividing the mean change scores by the SD of mean change scores. 37 SRM values of 0.20, 0.50 and 0.80 are obtained in the same way as for ES, and are considered to be small, moderate or large, respectively. [38] [39] [40] A 95% confidence interval (CI) for SRM was estimated using a bootstrap procedure.
ROC curve analysis was used at 6-month follow-up to evaluate the accuracy of each instrument (i.e. the sensitivity and specificity of a true classification as improved or unimproved linked to a the anchor of main symptoms) (18-point scale described above). A ROC curve is a plot of sensitivity against 1 -specificity of the false positive rate. Each point on the scale (operating points) defines different cut-off levels for trade-off between true-positive success and false negative error. The area under the ROC curve (ROC AUC ) describes the ability of the instrument to distinguish between patients who are improved or unimproved. A value of 1.00 indicates a perfect ability to discriminate improved from unimproved patients, whereas a value of 0.50 indicates that the ability is no better than chance. The ROC AUC is reported with 95% CI.
RCP is defined as the proportion (%) of patients improved by more than the smallest detectable change/MDC. 41 The MDC for an individual patient with 95% CI was calculated for each outcome using the formula MDC ¼ SEM agreement Â 1.96 Âˇ2, where SEM agreement is the standard error of measurement and 1.96 is the 95% level of confidence. The value for SEM agreement was obtained by extracting the square root of the residual mean square for change, using one-way analysis of variance with subjects as the factor. 42, 43 The estimates of MDC were obtained from 71 patients completing the outcome measures twice at the same time of day with a 1-week interval. 9, 10 MCIC. There are several different strategies to define minimal clinically important change. 13, 15, 17, 35 There is little evidence for an explicit MCIC value in relation to the method applied. 44 In the present study, minimal clinically important change was estimated using the anchor-based minimal clinically important change distribution method described by de Vet et al. 13 MCIC was assessed for the improved group using different cut-off points: the optimal cut-off value (95% CI bootstrap value), the ROC cut-off point and the 95% limit cut-off point. The MCIC is not a single or a fixed value and is reported in the present study as a set of values as recommended by de Vet et al. 13 The optimal cut-off point is a measure of the accuracy to sample estimates; in this case, to discriminate between improved and unimproved according to an anchor. The ROC-cut-off point was retrieved from ROC analysis. The MCIC using the ROC analysis (MCIC ROC ) was determined as the upper left point in the ROC curve for each outcome instrument. The 95% limit cut-off point (MCIC 95%limit ) was calculated from the distribution of the patients who are not changed significantly, according to the anchor. The rationale is that MCIC should be detected beyond measurement error. MCIC 95%limit is defined as the 95% upper limit of the distribution of patients who are not changed significantly (mean change þ 1.645 SD change ). The MCIC 95%limit equals the 95% specificity on the ROC curve. 13 Hypotheses. Responsiveness should be evaluated similar to criterion validity because the only difference between criterion validity and responsiveness is that validity refers to the validity of a single score, and responsiveness refers to the validity of change of scores. Hypothesis testing should focus on the change scores of an instrument and should be predefined, including the expected direction of correlations or differences in change. 8 In the present study, a correlation >0.70 was regarded as positive. 35 The responsiveness was tested using the hypotheses:
1. Mean change scores for women and men should be statistically indifferent. 2. Mean change scores of patients <40 years and >40 years should be statistically indifferent. 3. The mean change scores and the change in the main complaint (À9 to 9) should be correlated >0.70. 4. The mean change scores and the categorical change scores (improved or unimproved) should be correlated >0.70. 5. The 6-month follow-up scores should be correlated <0.70 with the categorical patient outcome (improved or unimproved). 6. The 6-months follow-up scores should be correlated <0.70 with the change in main complaint (À9 to 9). 7. The mean change scores of patients with and without postoperative stiffness should be statistically different.
8. The mean change scores of the outcome measures should be correlated >0.70.
Hypotheses (1), (2) and (7) were tested using an independent sample t-test. For hypotheses (3) to (6), we used the Spearman rank correlation because the change in main complaint and the categorical change score was not normally distributed. Hypothesis (8) was tested using Pearson r correlation because the scores were normally distributed.
The analyses were performed using SAS, version 9.3 (SAS Institute Inc., Cary, NC, USA) and SPSS, version 18 (SPSS, Chicago, IL, USA). The exact binomial distribution was used to calculate the confidence interval of the binomial estimates.
Results
Fifty-seven (64%) males and 32 (36%) females with a median age of 39 years (range 18 years to 60 years) were included for further analysis in the present study (Table 1) . Two patients did not complete all items in the WOSI at 6 months, although they were included for analysis of the other outcome measures. Fifty-nine patients (66%) were labelled improved and 30 (34%) were labelled unimproved according to the anchor. The number (%) of patients is given if not reported otherwise.
S Skare et al.
All change of scores had a normal distribution. There were no floor and ceiling effects of the total scores of the outcome measures at baseline. The correlation between the categorical change scores (improved or unimproved) and the change in main complaint (-9 to 9) and the mean change scores was 0.84.
Distribution-based responsiveness
SRM with 95% CI and mean change scores for improved and unimproved patients are reported in Table 2 . The SRM values were high for all six scores in the improved group and low for all outcome measures in the unimproved group. RCPs for the improved group were 68% and 73% for the Rowe score; 79% for WOSI; 73% for OISS; 15% for EQ-5D; and 49% for EQ-VAS (Table 2 ). In the unimproved group, the RCPs ranged from 17% (EQ-5D) to 45% (WOSI).
Anchor-based responsiveness
Fifty-nine patients (66%) were categorized as improved according to the anchor. The results of the ROC analysis are reported in Fig. 1 and Table 3 . The ROC AUC was higher than 0.70 for all outcome measures. The distribution of the mean change scores according to the anchor is reported in Fig. 2 .
Minimal clinically important change
The cut-off values for minimal clinically important change are given in Table 3 
Discussion
The present study aimed to evaluate the responsiveness of scores used for the evaluation of outcome in patients with SLAP lesions. 5 Using strategies comprising distribution-based methods, anchor-based methods and the hypothesis method, we found that the self-reported OISS, WOSI and the clinician-assessed Rowe score are responsive in the evaluation of patients with SLAP lesions. The OISS and Rowe score appear to be the most sensitive measures. The anchor-based results suggest that the generic EuroQol is less responsive. The results suggest that the anchors discriminated well between those who considered themselves improved compared to those who did not. The distribution-based methods using SRM and RCP indicate relatively small differences in responsiveness between the clinical-assessed Rowe score and self-reported shoulder-specific questionnaires OISS and WOSI. By contrast, the anchor-based methods, MCIC and ROC analysis, and hypotheses testing indicate that the Rowe score and the shoulder-specific questionnaires are more responsive than the generic EuroQol.
Distribution-based responsiveness measured with SRM and RCP were in favour of the shoulder-specific outcome measures. The WOSI had the highest value of RCP, whereas the Rowe score was superior in SRM. The area under the ROC curve where sensitivity and specificity is weighted equally importantly showed that all questionnaires were responsive. The best results were obtained for the shoulder-specific questionnaires, OISS and WOSI.
The MCIC estimates indicates that change of scores needs to be >17 for Rowe score; >569 for WOSI; >10 for OISS; >0.59 for EQ-5D; and >41 for EQ-VAS to be considered clinically important using the most strict estimates. For the Rowe score, the estimate is approximately the same as the measurement error measured as the MDC/repeatability coefficient previously reported in a test-retest study. 9 The measurement error was reported to be considerably lower than the MCIC estimates for OISS, WOSI, EQ-5D and EQ-VAS. 10 The MCIC estimates suggests that OISS and Rowe score are the most sensitive outcome measures because a lower score in these outcomes is needed to detect clinically important changes. The superior results for OISS and Rowe score are also demonstrated by the sensitivity measures in Table 3 . The distribution-based method may overestimate the responsiveness of EQ-5D, whereas the anchor-based methods suggests that EQ-VAS is not responsive. A possible explanation is that generic health-related quality of life outcomes are more influenced by general health and co-morbidities than shoulder-specific outcomes.
As noted by de Vet et al. 13 , the value for improvement and deterioration is not always the same, and they suggest defining MCIC as the change that patients would consider important for reaching their situation, depending on severity of disease, type of intervention and duration of follow-up period. The MCIC value is considered important for clinicians both as a benchmark for the evaluation of clinical significance and for use in power calculations. 13, 15, 19, 29 In randomized controlled trials, estimates of clinical importance are essential for power calculations. Even small differences can be recognized if the measure outcome is sensitive in clinical trials with large samples. These changes may be clinically irrelevant. By contrast, if the outcome measure has low sensitivity or the sample is small, clinically important differences may be missed.
One advantage of the anchor-based method is the possibility to detect change from the patient perspective. Another is the ability to use other relevant information, such as baseline scores and regression to the mean, which provide information about the tendency Table 3 . Area under receiver-operating curve (ROC) and cut off-value with 95% confidence interval (CI), sensitivity and specificity, minimal detectable change (MDC) and minimal clinically important change (MCIC) estimates for patients rating important change in main complaint. of extreme scores to become more normal at followup. 45 A disadvantage of the anchor-based methods is recall bias, 46 which implies that the change scores reflect the condition at follow-up, and not just the change from baseline. In addition, there is little knowledge about the reliability and validity of anchor-based methods. It is also a disadvantage that the anchorbased methods do not reflect the measurement precision (i.e. a clinical meaningful change may be within the random variation of the instrument). 16, 45 For these reasons, a combination of distribution-based methods and anchor-based methods to establish responsiveness is preferred. 13, 15, 45 Hypothesis testing suggests that responsiveness is independent of gender and age. The good correlations between the mean change of scores and the change in main complaint for OISS, WOSI and Rowe score indicate that these outcomes are more responsive than EuroQol. None of the outcome measures correlated well with the categorical outcome, which may be explained by the fact that this anchor is categorical. The correlation between the mean change of scores and the change scores at follow-up gives the opportunity to check for recall bias. The results do not exclude recall bias for OISS, WOSI and Rowe score. The Rowe score was superior to the other outcomes in differentiating between patients with or without capsular stiffness, which is possibly attributed to measuring the range of movement. The correlations were generally better for the shoulder-specific OISS and WOSI than for the generic EQ-5D and EQ-VAS (EuroQol), suggesting that the generic outcomes are measuring a different construct. The major concerns of the use of hypotheses for the evaluation of responsiveness are that the choice of hypotheses may be fitted for the wanted conclusion and the results, especially if they are not reported in a protocol before publishing the results. 35 The main strength of the present study is the use of different strategies, allowing the clinician to obtain an overview of both the distribution-based and anchorbased responsiveness for the current population. Rather than a fixed value, the MCIC is presented as a range of values obtained from different methods. This will provide the opportunity to make a judgement of the threshold for important change depending on the chosen anchor. Hypotheses were used as recommended. 8, 11 In addition, patients receiving operative and non-operative treatment were included, which suggests that the results are valid for these treatments.
One of the limitations of the present study is the size of the study population. Although the power of the study is sufficient according to recommendations of Altman et al., 36 and Terwee et al. 35 the study population was considered to be too small to allow for subgroup analysis of deteriorated patients as recommended. 13 This would have been valuable because the MCIC values for deterioration and improvement are likely to be different, and deterioration is a possible outcome after treatment. Another limitation is that the responsiveness and MCIC is measured only at 6-month follow-up. The use of a shorter or longer follow-up would provide valuable information about the influence of time on responsiveness.
Conclusions
The self-reported OISS, WOSI and the clinicianassessed Rowe score are responsive in the evaluation of patients with SLAP lesions. The OISS and Rowe score appear to be the most sensitive measures. The anchor-based results suggest that the generic questionnaires are less responsive. The advantage of the selfreported questionnaires is that they are easier to administer.
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